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Hirudin is a 65 amino-acid cysteine-rich polypeptide, produced by the salivary gland of the medicinal leech, 
which is now produced as a recombinant molecule. 

Hirudin binds tightly to thrombin at thrombin's accessory binding site and acts as a thrombin antagonist. 



Recombinant hirudin (Lepirudan or Refludan®) is recently FDA-approved for use in patients with 
heparin-induced thrombocytopenia/thrombosis syndromes. In general, monitoring of patients on this 
therapy is done by following the aPTT. However, the FT is also affected, making initiation of warfarin 
therapy difficult. Lepirudan accumulates with renal insufficiency, and about 40% of patients on long-term 
therapy will develop antibodies directed against the hirudin:thrombin complex. These antibodies tend to 
develop after 7-10 days of therapy and increase the anti-thrombotic effect of the drug. 

Other synthetic thrombin inhibitors, such as argatroban (novastan), and Xa inhibitors are in various stages 
of development as new anti-thrombotic agents. 
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ABSTRACT Himdin is a 65- amino acid peptide 
and the most potent and specific known inhibitor of 
thrombin (Ki = 0.2 pM). The short elimination half-Hfe 
of hirudin fi*om the body (1 hour) necessitates the use 
of a sustained and controlled delivery system. 

A proliposome method was used to entrap himdin in 

liposomes coated with palmitoyl dextran-coated 
liposomes and lipid-assemblies. In vitro release studies 
of hirudin were performed using the lipid systems 
enclosed in dialysis membranes or deposited in the 
pores of a vascular graft. The activity of hirudin and 
released hirudin was measured using a thrombin 
chromogenic substrate assay. 

Entrapment efficiencies of himdin in lipid-assembhes 

approached 100%, however, the release of hirudin fi'om 
these systems was rapid with 90% released in 17 hours. 
Entrapment efficiencies of hirudin in coated-liposomes 
ranged fi-om 5% to 55% and were dependent on several 
variables. Palmitoyl dextran- coated-liposomes 

showed a burst of 30% hirudin released in 5 hours with 
an additional 10% to 35%> released over the next 600 
hours. In all samples, 30-40% of the himdin remained 
associated with the lipid-systems even after 600 hours. 
The released himdin retained only 33% of its ability to 
inhibit thrombin when released fi*om uncoated 
liposomes. However, himdin retained 95%) of its 
thrombin inhibitory activity when released fi*om 
palmitoyl dextran- coated liposomes. 

Coated liposomes were found to stabilize himdin and 

result in greater retention of himdin's ability to inhibit 
thrombin's enzymatic activity, although the mechanism 
is not yet understood. 



KEYWORDS: hirudin, stabilization, in vitro release, 
liposomes, thrombin, dextran, vascular graft 

INTRODUCTION 

Himdin, a 65- amino acid peptide (MW 7000), is the 
most potent and specific known inhibitor of thrombin 
(Ki = 0.2 pM). It was originally isolated fi*om medicinal 
leeches (Hirudo medicinalis) in the late 1 950s, but can 
now be made by recombinant techniques. Recombinant 
hirudin (REVASC ) has recently been approved in 
Europe for the prevention of deep-vein thrombosis 
following knee and hip replacement surgery. The short 
elimination half-life of himdin fi-om the body (1 hour) 
necessitates the use of a sustained and controlled 
delivery system. Himdin has been considered as an 
alternative to heparin for a variety of reasons [1-3 ]. 
Other investigators have looked at ways to retard its 
rapid elimination from the blood, including coupling it 
to high molecular weight carriers such as dextran |4]. 
The chemical immobilization of Wrudin on polymer 
surfaces for use as thromboresistant biomaterials has 
been investigated [5]. Oral delivery of himdin via 
liposome systems has also been studied [6], 

In this work, himdin was encapsulated into two 
different lipid delivery systems: coated-liposomes and 
lipid-assemblies. The lipid delivery systems were 
composed of phospholipids combined with one of two 
hydrophobically modified polysaccharides, either 
pabrdtoyl-dextran (PalD) or pabnitoyl-dextran 
phosphate (PalDP). In an aqueous environment, these 
hydrophobically modified polysaccharides (ie, 
conjugates) self-associate to form hydrophobic 
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^TE- ISSUED: January 20, 1970 

TVENTOR-NAME: MILLICH FRANK; CARRAHER CHARLES E 

;- CL - CURRENT : 528 / 169 , 528 / 168 , 528 / 223 , 528/399, 528/400 



Full Title Citation Front Review Classification Date Reference 



: \-:-:-:-:-:-:-:-»:-: ■:-y::-:»s:i:';:yi>yo:iS >o^v< --oo^--v^--- ■ : !■■ -.-.>vv-:---:-: ^ ■ : : 



■>.^v^VV-J^w^J^->.■.■^o:^o^■ | 



C laims K^MC Draw. Desc 




cjge 



n 55. Document ID: US 3288729 A 

L8: Entry 55 of 57 



File: USOC 



Nov 2 9, 1966 



J-PAT-NO: 3288729 

)CUMENT- IDENTIFIER: US 3288729 A 

:tlE: Open-cell polyvinyl chloride foam 
i.TE-ISSUED: November 29, 1966 

rVENTOR-NAME: DEAL KENNETH M; WHITMAN PETER A ; WATERMAN RAYMOND R 

-CL-CURRENT: 521/74, 264/50, 264 / DIG.13 , 264 / DIG.60 , 521/145, 521/82, 521/88, 521/911, 
J,/93, 524/143, 524/292, 524/296, 524/317, 524/394, 524/397, 987/209 
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File: USOC 



May 13, 1958 



3-PAT-NO: 2834052 

)CUiy[ENT- IDENTIFIER: US 2834052 A 

:TLE: Method of making mold masters 
^TE- ISSUED: May 13, 1958 
TVENTOR-NAME: HUNN JAMES V 

3-CL-CURRENT: 205 /70; 264/227, 264/DIG.60, 425/DIG.29 
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□ 57. Document ID: US 2736669 A 

L8 : Entry 57 of 57 



File: USOC 



Feb 28, 1956 



;-PAT-NO: 2736669 

JCUMENT- IDENTIFIER: US 2736669 A 



:tlE: Method of activating and esterifying the surface of finely^ divided particles of silica 
Lving surface silanol groups 



i.TE- ISSUED: February 28, 1956 



rVENTOR-NAME : GOEBEL MAX T 



-CL-CURRENT: 427/220; 106/481, 106/490, 252/384, 427/314 
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n 1. Document ID: US 20040092727 Al 
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j6: Entry 1 of 6 File: PGPB 



May 13, 2004 



JB - DOCUMENT -NtJMBER: 20040092727 
JB-FILING-TYPE: new 

JMENT- IDENTIFIER: US 20040092727 Al 

_iE: Cochleates without metal cations as bridging agents 

_.lCATION-DATE : May 13, 2004 



3NT0R- INFORMATION : 



E 

, Tuo 



CITY 

Highland Park 



STATE 
NJ 



COUNTRY 
US 



RULE - 4 7 



:L-CURRENT: 534/15 
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2. Document ID: US 20030157070 Al 



j6 : Entry 2 of 6 



File: PGPB 



Aug 21, 2003 



JB-DOCUMENT-NUMBER: 2003 0157070 
JB-FILING-TYPE: new 

JMENT- IDENTIFIER: US 20030157070 Al 

jE: High efficiency ex vivo transduction of cells by high titer recombinant retroviral 
Darations 

jICATION-DATE : August 21, 2003 



]NTOR- INFORMATION : 



ly, Douglas J. 



CITY 

Leucadia 



STATE 
CA 



COUNTRY 
US 



RULE- 4 7 
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□ 3. Document ID: US 6433147 Bl 

L6 : Entry 3 of 6 



File: USPT 



Aug 13, 2002 



3-PAT-NO: 6433147 

3CUMENT- IDENTIFIER: US 6433147 Bl 

* See image for Certificate of Correction ** 

ITLE : Death domain containing receptor-4 
QlTE-ISSUED: August 13, 2002 



SrVENTOR- INFORMATION : 
AME 

i ; Ji an 
osen; Craig A. 
an; James G. 
entz; Reiner L. 
ixit; Vishva M. 



CITY 

Rockville 

Laytonsville 
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MD 

MD 
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3-CL-CURRENT: 530 / 387.3 ; 424 / 178 . 1 , 435 / 252 .3 , 
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n 4. Document ID: US 5614409 A 

L6: Entry 4 of 6 File: USPT Mar 25, 1997 



3-PAT-NO: 5614409 

:)CUMENT- IDENTIFIER: US 5614409 A 

CTLE: Production of IBDV VP2 in highly immunogenic form 
\TE- ISSUED: March 25, 1997 

vTVENTOR- INFORMATION : 
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ZIP CODE 


COUNTRY 


zad; Ahmed A. 


Lower Temple stowe 
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Temp lest owe 
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Murrumbeena 






AU 


eine; Hans-Georg 


Coburg 






AU 
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n 5 . Document ID : US 53 043 1 0 A 

L6 : Entry 5 of 6 



File: USPT 



Apr 19, 1994 



-PAT-NO: 5304310 

CUMENT- IDENTIFIER: US 5304310 A 



TLE : Method for concentrating and purifying hirudin from leeches 
.TE-ISSUED: April 19, 1994 



[VENTOR- INFORMATION 
\ME 

ing ; Kurt 
reimeyer; Andreas 



CITY 

Penzberg 
Roemerberg 



STATE 
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COUNTRY 

DE 

DE 
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6. Document ID: NZ 514891 A, WO 200058342 Al, AU 200035621 A, EP 1163260 Al, NO 200104534 
A, KR 2001 108400 A, CN 1357005 A, JP 2002543766 W 

L6: Entry 6 of 6 File: DWPI Oct 31, 2003 



RWENT-ACC-NO: 2000-686858 
RWENT-WEEK: 2 003 80 

PYRIGHT 2 004 DERWENT INFORMATION LTD 

TLE: Isolation and purification of proteins or cells in aqueous two -phase systems, comprises 
mbining a desired protein or a cell to a targeting protein capable of isolating the protein 
cell into one of the phases 

rVENTOR: FAGERSTROEM, R; KULA, M ; LINDER, M ; NAKARI -SETAE LAE , T ; PENTTILAE, M ; SELBER, K 
"ERNELD, F ; FAGERSTROM, R ; NAKARI -SET ALA, T ; PENTTILA, M 

lORITY-DATA: 1999FI - 0001782 (August 20, 1999), 1999FI-0000667 (March 25, 1999) 



.TENT -FAMILY: 
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:> 200058342 Al 
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3 2002543766 W 



PUB -DATE 
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